Today, it is of great importance that teachers have pedagogical and technological knowledge in addition to content knowledge. For this reason, the present study aims to develop a TPACK self-efficacy scale for preservice science teachers by following the theoretical framework of technological pedagogical and content knowledge (TPACK), as suggested by Koehler and Mishra (2006) . The scale consists of seven subscales, which are technology knowledge (TK), pedagogy knowledge (PK), content knowledge (CK), technological pedagogical knowledge (TPK), technological content knowledge (TCK), pedagogical content knowledge (PCK), and technological pedagogical content knowledge (TPCK) with a total of 55 items. A total of 467 preservice science teachers from four different universities in Turkey participated in the study. The Cronbach's alpha reliability coefficient of the scale was calculated as 0.969. Following the modification suggestions, confirmatory factor analyses showed that the model fit the scale adequately. The study found significant differences between the bottom and top groups; this shows the sufficiency of the items' discriminatory powers. As the result of these analyses, it was found out that the scale had the necessary properties required for measuring the TPACK self-efficacy perceptions of preservice science teachers.
Introduction
Today, the qualifications expected from teachers are substantially higher compared to those expected in the past. Until two centuries ago, the teaching profession was seen as retelling the knowledge in one's content area, whereas in the minds of contemporary educators, it is a complicated concept that requires various special skills (Yiğit, 2014) . Shulman (1986) provided the biggest contribution to this change in the teaching profession. With the studies conducted by Shulman (1986 Shulman ( , 1987 , teaching started to be regarded as a profession which requires pedagogical knowledge alongside content knowledge. As the education technologies immensely increased and became diversified, the perception started to prevail that teachers should have an adequate level of content knowledge, pedagogical knowledge, and technological knowledge. This idea resulted in the emergence of the concept of TPACK.
Theoretical Framework
Almost all of the TPACK studies in the literature refer to the concept of PCK, which is also stated by Shulman (1986) in his study, as the starting point of TPACK. However, there is not a universal consensus on the scope of PCK and TPACK. Although detailed differently by different researchers, the only point on which a consensus has been formed is a theoretical model put forth by Mishra & Koehler (2006) , which is formed from the intersection of three different sets and has seven subheadings (see Figure-1 ). In the studies conducted after the emergence of this model, researchers have deepened and widened these seven steps considering their branches and backgrounds.
Technological Knowledge
Technological knowledge is the knowledge of the technologies that contain a wide range from low technologies such as pencil and paper to digital technologies (Mishra & Koehler, 2006; Schmidt, Baran, Thompson, Mishra, Koehler, & Shin, 2009 ). However, the technological knowledge referred to in TPACK studies is generally the knowledge related to digital technologies. For this reason, technological knowledge is mostly seen as the knowledge of computers, the internet/web and digital materials (Akaygun & Aslan-Tutak, 2016; Archambault & Crippen, 2009) . When this perspective is widened, technological knowledge is stated as knowing and using computer software (operating system, basic office programs, and software peculiar to the area of instruction, etc.), using hardware (projection device, interactive whiteboard, etc.), using communication (internet, social networks, email, forums, chat tools, etc.) and research devices (Chuang, 2013; Handal, Campbell, Cavanagh, Petocz, & Kelly, 2013; Kaya & Dağ, 2013) . Figure 1 . The TPACK framework and its knowledge components 
Pedagogical Knowledge
Pedagogical knowledge is the knowledge of teachers regarding to teaching-learning strategies, approaches, techniques and methods. The most important components of pedagogical knowledge are to understand how students learn, knowledge of general classroom management skills, lesson planning, and student assessment (Mishra & Koehler, 2006) . In addition, taking the nature of the target group into consideration, helping gain a positive attitude towards learning, knowing teaching and learning theories and applying them in the classroom are within the scope of pedagogical knowledge (Abbitt, 2011; Bos, 2011; Chai, Koh, & Tsai, 2013; Kaya & Dağ, 2013; Schmidt et al., 2009) .
Content Knowledge
Content knowledge is the knowledge of the subject matter to be taught or learned (Abbitt, 2011; Koehler, Mishra & Yahya, 2007) . Shulman (1986) describes this subject matter knowledge as the knowledge of concepts, theories, ideas, organizational frameworks, knowledge of evidence and proof. When customized to science, in various countries content knowledge appears as certain learning areas. In science curriculums in Turkey and many other countries, these areas are listed as the knowledge of physics, chemistry, biology, astronomy, earth science, and science process skills/skills of scientific inquiry, science-technology-society and environment (MEB, 2006 (MEB, , 2013 . Today, the teaching of the concepts of science by integrating with science processes, technology and society rather than teaching them in an isolated manner constitutes the most important focus of the standards of science education (Campbell & Smith, 2013 , Lederman, Lederman, & Antink, 2013 MEB, International Journal of Research in Education and Science (IJRES) 2006; Yager, 2013) . In addition, another quality in terms of content knowledge is being aware of highly common misconceptions in science. Not providing the wrong information which results in misconceptions to students is important in terms of content knowledge National Research Council, 2000; Tekkaya & Kılıç, 2012) .
Pedagogical Content Knowledge
According to Shulman, PCK is the knowledge of how to teach specific content knowledge (Archambault & Barnett, 2010) . In other words, PCK is the pedagogical knowledge that is required in order to teach a specific content (such as science). It is matching specific content knowledge with pedagogical knowledge (Shulman, 1986) . However, there is no fixed recipe for this and teachers should continuously adapt their knowledge to new situations by considering certain features such as students' characteristics, school environment etc. This is because the most important indicator of a teacher's qualifications is his/her ability to transform his/her content knowledge to a form which students at different cultural, skill and knowledge levels can learn in the best way (Shulman, 1987) . PCK, which was first defined by Shulman, consists of seven components as content knowledge, general pedagogical knowledge, curriculum knowledge, knowledge regarding learners, knowledge of educational contexts and knowledge of the purposes of education and general viewpoints (Tekkaya & Kılıç, 2012) . According to Koehler, Mishra, and Yahya (2007) , PCK includes the representation and formulation of concepts, pedagogical techniques, and knowledge of what makes concepts difficult or easy to learn, knowledge of students prior knowledge and theories of epistemology. At the same time, being aware and getting rid of the misconceptions and learning disabilities students have is also within the scope of PCK (Archambault & Barnett, 2010; Tekkaya & Kılıç, 2012) .
Technological Content Knowledge
Technological content knowledge refers to how an effective form of presentation can be created by integrating specific content area with technology (Schmidt et al, 2009) . Teachers need to know not only the subject matter they are supposed to teach, but also how the teaching of this subject matter may also change when integrated with technology (Mishra & Koehler, 2006; Schmidt et al, 2009) . For this reason, TCK requires understanding how technology and subject matter reciprocally affect each other (Koehler, Mishra, & Yahya, 2007) . In other words, TCK is the teachers' finding out the subject matters in their areas to which specific technologies are more appropriate. While teaching content knowledge by using technology, it is necessary to be careful about which technology will be used where and how. Some technologies may be effective in teaching certain content knowledge, whereas they may not show the same effect in teaching another content knowledge . Similarly, while some technologies are effective when they are used if needed and for a short time in a lesson, some other technologies may be more effective when used long-term.
Technological Pedagogical Knowledge
Technological pedagogical knowledge (TPK) is to understand how technology use affects teaching and learning. When constructing TPK, first of all, it is necessary to know the constraints and affordances that the use of technology may cause in a teaching environment . Teachers who find themselves sufficient in terms of TPK should have the ability to decide which technological device fits for educational use. At the same time, they should be able to integrate the most convenient technology with the most appropriate teaching strategy, method, technique, model, or theory. In a similar way, these teachers should be able to integrate educational technologies with measurement and assessment methods and techniques, utilize technology according to individual differences of students, and have knowledge about classroom management in classroom environments. In summary, TPK is related to presentation of pedagogical strategies and technology integration (Mishra & Koehler, 2006) .
Technological Pedagogical Content Knowledge
TPACK is the presentation of content knowledge by being integrated with pedagogical knowledge through using various technologies (Chai, et al, 2013) .
Literature Review about TPACK Scales
A literature review reveals that there are numerous scale development and adaptation studies related to TPACK. While some of these studies are compatible with the theoretical framework suggested by Mishra and Kohler (2009) , some others may conflict with the theoretical framework of TPACK, are formed of subscales that are different in terms of number and sometimes fall outside the theoretical framework and the items of the scale show very big differences depending on the backgrounds of the authors. Schmidt et al. (2009) developed the most commonly used and most adapted scale. Schmidt et al. (2009) developed a seven dimensional TPACK scale that preserves the theoretical framework and includes four main courses: mathematics, science, social studies and literacy. However, the original version of the scale may not be applied to anybody, but primary teachers, kindergarden teachers, or preservice primary/kindergarden teachers, if it measures these four main courses. Although, in theory, the scale is considered as ideal, in practice, the scale can yield the expected results when applied to science teachers and preservice science teachers. Since the scale measures each of four different subject matters with three items, it causes the difficulty that the same factors are obtained when the scale is applied to a single subject and relatively few items are included in content knowledge section compared to other categories, which constitutes the weakest side of the scale in terms of science teachers and preservice science teachers. At the same time, it is observed that the seven subscales within the theoretical framework could not be obtained in the factor analysisbased adaptation studies of the scale carried out by different researchers. Again, Koh, Chai, and Tsai (2010) conducted a validity and reliability study for the TPACK scale developed by Schmidt et al. (2009) with 1185 preservice teachers in Singapore and found out that the items of the scale shifted to factors other than the original scale.
Also, the number of the factors in the scale decreased to five in his/her study. Chai et al. (2011) adapted the scale developed by Schmidt et al. (2009) in a study on primary school teachers. In their study, the scale again included five factors. Similarly, Dikkartın-Övez and Akyüz (2013) applied the same scale to mathematics teachers and obtained four factors. Sahin (2011) developed a seven dimensional scale, and this scale can be adapted to any subject. Similarly, another seven-dimensional scale was created by Archambault and Crippen (2009) . Even though such all-purpose TPACK scales preserve the theoretical frame, the scale items include highly general statements, and these statements do not reveal teachers' TPACK self-efficacy level (in science, social science, math or any other subject area) in relation to content knowledge (CK), pedagogical content knowledge (PCK), and technological pedagogical content knowledge (TPACK). Along with including highly general statements that can be adapted to any subject, another weakness is that some subscales of the factors in the scale cannot be clearly distinguished from each other. Therefore, the recent focus is on the scales that are customized to one subject rather than the scales that cover all subjects.
A scale with seven subscales specific to one subject was developed by Akman and Güven (2015) . The content knowledge section of the scale, developed by Akman and Güven (2015) , was based on the social sciences curriculum. The scale individually addresses the learning areas of social sciences in the content knowledge section constitutes the strongest side of the scale. Besides this scale, there are other TPACK scales developed specifically for mathematics and science. The scale called TPCK-M, developed by Handal et al., (2013) , includes three subscales customized for mathematics as technological content knowledge (TCK), technological pedagogical knowledge (TPK) and technological pedagogical content knowledge (TPCK). As for science, there is a scale with four subscales developed by Graham et al. (2009) . This scale was named as TPACK confidence scale, which is specific to only science education. The scale gives more prominence to the use of technology in science education in the form of technological knowledge (TK), technological content knowledge (TCK), technological pedagogical knowledge (TPK), and technological pedagogical content knowledge (TPACK) compared to pedagogical and content knowledge.
Method
In the present study, the reliability and validity of a new TPACK scale was calculated for preservice science teachers.
Participants
The instrument developed for this study was applied to a total of 467 senior year students at the science education departments from four different universities in Turkey. The TPACK scale was applied to the participants of the study in the spring term of 2014. The application of the scale was performed at one university from each of the northern, southern, eastern, and western regions of Turkey. The students were given 40 minutes to fill in the questionnaire. Of the preservice teachers who took part in the study, 64% (299) were females and 36% (168) were males.
The Instrument Development Process
The scale development process started with a literature review related to TPACK. Nine trial items were written for each of all the subscales of TPACK. The initial form of the scale included 63 items. The items were evaluated by the experts who studied TPACK and science education. The necessary revisions were performed on the scale based on the experts' suggestions, and the scale was finalized. The items of the scale were transformed into Likert scale items to measure the TPACK self-efficacy perceptions of the preservice teachers. Each item of the scale had the following response categories: (1) I do not know at all, (2) I have a little knowledge, (3) I have a moderate knowledge, (4) I know well, and (5) I know very well. Afterwards, the scale was administered to the participants. Confirmatory factor analysis was performed for the construct validity of the scale. As the result of the factor analyses, the number of the items in the scale was determined as 55. To test the reliability of the scale, the internal reliability coefficient Cronbach's alpha was calculated by using SPSS 15.0 software. In addition, statistically significant difference was checked between the bottom and top group.
Findings and Discussion
The data regarding the validity, reliability, and item analyses of the scale obtained in the scale development process are explained below.
Validity of the Scale
The validity of the scale was maintained in two ways. The first of these was content validity and the second one was construct validity.
Content Validity
After the items of the scale were written, an email was sent to two faculty members from different departments who had studied TPACK and two faculty members who had studied science education and curriculum development to ask feedback about the scale. The items of the scale were revised based on the faculty members' comments. Then, the scale was administered to 4 science education graduates who are studying for their master's degree in science education and four randomly selected preservice science teachers. They provided feedback on readability, understandability, and duration. The words and sentences in the scale were corrected based on the feedback taken from these eight participants.
Construct Validity
Confirmatory factor analyses were performed to test the construct validity of the scale.
Confirmatory Factor Analyses
Confirmatory factor analyses were performed to see how appropriate the scale designed with seven subscales based on theoretical principle. The result of the confirmatory factor analyses is shown in Figure 2 .
In confirmatory factor analyses, the criteria that are used to decide whether the theoretical framework support the data (Akman & Güven, 2015; Çelik, Şahin, & Aktürk, 2014; Celik, Sahin, & Aydin, 2014; Hu & Bentler, 1999; Kline, 2005) . These criteria are given in Table 1. Figure2. CFA results of the seven-factor model (χ2/sd=1,96, p<0.001) Tabachnick & Fidell, 2007) . Figure 2 shows that the regression weights among the subscales of the scale and the items existing in these subscales vary between 0.37 and 0.83. All of these values are above the acceptable breakpoint of 0.30 (Klein, 2005) . 
Reliability
The Cronbach's alpha reliability coefficient of the developed scale was calculated respectively for each subscale and the entire scale. These coefficients, which show the internal consistency reliability, are presented in the table below.
Table2. The Cronbach's alpha reliability coefficient of scale and subscales Domain Cronbach's alpha Technological Knowledge (TK) .875 Pedagogical Knowledge (PK) .902 Content Knowledge (CK) .866 Technological Pedagogical Knowledge (TPK) .922 Technological Content Knowledge (TCK) .916 Pedagogical Content Knowledge (PCK) .792 Technological Pedagogical Content Knowledge (TPCK) .924
Overall .969
The Cronbach's alpha reliability coefficients of both the entire scale and individual subscales are higher than the value of 0.70. Measurement tools with a Cronbach's alpha reliability coefficient higher than this value are regarded as reliable tools (Tavsancil, 2002) . 
Test-Re-Test Reliability Analysis
Six weeks after the first administration, the test was administered again to one of the groups. The correlation between the results of this re-test conducted on 63 students, and their previous results was examined. The correlation coefficient was calculated as 0.82 (p<0.001). This value shows the consistency of the test over time (Büyüköztürk et al., 2011; Büyüköztürk, 2012) .
Item Analysis
An independent samples t test was used to check whether there was a statistically significant difference between the top and bottom groups to determine the item discrimination of the scale items. At the same time, the correlation of each item with the total score was computed. Table 3 presents these results which reveal the item discrimination of the scale items.
When Table 3 is examined, the t values varied between -20.70 and -5.82, and there was a statistically significant relationship between the bottom and top groups. At the same time, a positive significant correlation was found between each item and the total items. These findings show that the discriminatory power of the test was substantially high. The high discriminatory power of the test is an indicator of its reliability (Büyüköztürk et al., 2011; Büyüköztürk, 2012) .
Conclusion
This study aims to develop a scale that assesses the TPACK self-efficacy of preservice science teachers. In accordance with the theoretical framework suggested by Mishra and Kohler (2006) , the scale developed in the study includes a total of 7 subscales as Technology Knowledge (TK), Pedagogy Knowledge (PK), Content Knowledge (CK), Technological Content Knowledge (TCK), Technological Pedagogical Knowledge (TPK), Pedagogical Content Knowledge (PCK), and Technological Pedagogical Content Knowledge (TPCK). The subscales of this 55-item scale were determined and confirmed by using confirmatory factor analyses. One of the strong sides of the scale is that it includes subscales that are consistent with the theoretical framework suggested by Kohler and Mishra (2006) .
The most distinctive feature of the scale is the Content Knowledge subscale. While current TPACK scales measure content knowledge in general terms, the scale developed in this study was customized to science learning areas. In particular, the broad-fields curriculum design approach combines large program areas into a single course, like science and social science; therefore, measuring each subject area is given importance. The scale represents physical science, chemistry, biology, earth science, and astronomy, as individual items, constitutes one of its strongest sides. Besides, another strong side of the scale is that items related to science process skills/skills of scientific inquiry and science-technology-society-environment, which have become an indispensable part of science education, are included as a subscale in our scale. Another remarkable feature of the scale is that common misconceptions in science are included in content knowledge.
Although not as impressive as content knowledge, another important feature of the scale is that the items of the scale were written by grouping a wide range of technologies from traditional technologies to digital technologies and the internet under certain themes (e.g. digital software, social networks, science lab materials, basic software, mobile learning tools, etc.). In the scales presented in the literature, the names of these technologies are listed individually. In the present study, however, names related to technology are given in parenthesis as examples to these main titles. This feature of the scale contributes to the prolongation of the lifetime of technology, which is the fastest changing subscale of TPACK scales.
